T HE MOST COMMON symptoms of carcinoid tumors
are collectively referred to as the carcinoid syndrome, which is associated with tumor secretion of excessive amounts of major regulatory peptides and amines, such as serotonin and its metabolites. Malignant carcinoid syndrome does not develop until a tumor has metastasized, often to the liver, and the hormonal products released by the tumor reach the systemic circulation in substantial concentrations. The principal signs and symptoms of carcinoid syndrome include sustained flushing (approximately 80%), diarrhea (approximately 76%), abdominal pain/cramping (approximately 70%), endocardial fibrosis (approximately 20%), 1, 2 and asthma-like symptoms or wheezing (10% to 20%). 3 Carcinoid tumors occur at an annual rate from less than 1 to 2.1 per 100,000 in England 4 and the United States. [5] [6] [7] [8] [9] The subsequent development of carcinoid syndrome depends on the site of origin of the tumor, total tumor mass, and the extent of metastasis. 2 Octreotide acetate is a synthetic octapeptide that has a biologic profile similar to endogenous somatostatin but has a longer half-life and duration of activity that allow treatment with subcutaneous (SC) administration two to four times daily. 10 This short-acting formulation of octreotide administered subcutaneously in multiple daily doses is indicated for the treatment of acromegaly and for symptomatic control of vipomas and carcinoid tumors. Octreotide inhibits secretion of bioactive substances (eg, serotonin, tachykinins) that cause the symptoms of carcinoid syndrome. 8, [11] [12] [13] [14] A longacting octreotide formulation (octreotide acetate LAR), consisting of microspheres of poly-DL-lactide-co-glycolideglucose containing octreotide, has been developed with the goal of improving patient convenience, compliance, and quality of life by providing similar therapeutic benefits with significantly less discomfort and inconvenience. Octreotide LAR exhibits all the characteristics of the short-acting SC formulation and has the added advantage of slow drug release, which occurs by the cleavage of the polymer ester linkage, primarily through tissue fluid hydrolysis. Dosing is recommended every 4 weeks. Doses of up to 60 mg of octreotide LAR have been shown to be well tolerated in healthy volunteers and to be an effective treatment in patients with acromegaly. 15, 16 This study, the first controlled trial of octreotide LAR for the treatment of carcinoid syndrome, was designed to evaluate the efficacy over a 6-month period of multiple dose levels of octreotide LAR compared with SC octreotide in providing continuous symptomatic control of malignant carcinoid syndrome when given at 4-week intervals. Secondary objectives were to assess safety and tolerability, dose proportionality of octreotide serum concentrations, and excretion of the serotonin metabolite 5-hydroxyindoleacetic acid (5-HIAA). Because of the low incidence and prevalence of carcinoid syndrome, accrual to achieve statistical significance between treatment groups was not a goal of the study design.
PATIENTS AND METHODS

Study Design
This prospective multicenter trial was a parallel-group design. Patients experienced control of symptoms when treated with SC octreotide acetate (Sandostatin; Novartis Pharmaceuticals Corp., East Hanover, NJ). Patients continued to show symptom control for at least a 2-week screening period, which was followed by a washout period of 3 to 5 days. After washout, patients were randomly assigned to receive one of four treatments: either 10 mg, 20 mg, or 30 mg of octreotide acetate LAR (Sandostatin LAR; Novartis) administered intramuscularly by medical personnel, or continuation of SC octreotide every 8 hours at the same dosage received during screening. Assignment to the three doses of octreotide LAR was double-blind. All patients in the octreotide LAR groups received an initial dose on day 1. Because of the kinetics of octreotide release and time to achieve therapeutic concentrations of octreotide from the LAR formulation, patients randomized to any of the octreotide LAR groups continued to receive concomitant SC octreotide every 8 hours at their previous dosage through day 11. Subsequent intramuscular injections of octreotide LAR were given at the end of weeks 4, 8, 12, 16 , and 20.
Patients
Men and nonpregnant, nonlactating women at least 18 years of age with a histologically confirmed diagnosis of carcinoid tumor with carcinoid syndrome were eligible for enrollment. Symptoms of flushing and diarrhea had to have been well controlled by SC octreotide, ie, two or fewer flushing episodes per day and an average stool frequency of three or fewer per day (with a maximum of five stools on any 1 day) during a 2-week screening period during which patients received 0.3 to 0.9 mg SC octreotide per day. For patient efficacy to be assessable, symptoms must have returned (three episodes of flushing in a single day and/or an increase of at least two stools daily for 2 consecutive days above the prewashout average) during a washout period of 3 to 5 days. Women with childbearing potential were required to use effective, medically approved contraception throughout the study. Patients were excluded for any of the following reasons: the likelihood of receiving additional medical therapy for carcinoid syndrome (eg, surgery, chemotherapy, radiation therapy, interferon) that might alter symptoms; the presence of any intercurrent medical condition that might interfere with the conduct or evaluation of study results or that might affect the interpretation of clinically relevant laboratory values; symptomatic abnormalities of the biliary tract or diarrhea from causes other than carcinoid syndrome, or a history of alcohol or drug abuse in the previous 6 months; unwillingness to follow dietary restrictions within 3 days of urinary 5-HIAA sample collection or need for medications (eg, reserpine, mephenesin carbamate, Lugol's solution) that would interfere with urinary 5-HIAA measurement; or inability to return for all required evaluations. The study was reviewed and approved by the institutional review boards of all participating institutions, and all patients gave written informed consent before entering the washout period.
Procedures
Patients receiving intramuscular octreotide LAR who experienced a loss of symptomatic control were permitted to use rescue SC octreotide, which was self-administered. If stool frequency increased by at least two stools per day for 2 consecutive days above the screening daily average, or if flushing frequency increased to at least three episodes per day for 1 day, rescue doses of SC octreotide every 8 hours were permitted until symptoms were controlled to screening frequency. Patients randomized to receive SC octreotide who required rescue could increase their SC dosage by 50%; patients receiving LAR could begin SC rescue doses at the same dosage used before washout. Once symptom relief was achieved for 24 hours, the patients were instructed to discontinue rescue therapy. Rescue could be repeated a second time. In the event the first two episodes required more than 5 days total of rescue medication or if a third rescue episode was needed, patients continued to receive SC rescue medication until the next regularly scheduled visit.
Effıcacy and Safety Assessments
The primary efficacy assessment was treatment response, which was defined as either treatment success, partial treatment success, or treatment failure based on the degree and duration of suppression of carcinoid symptoms, as indicated by the need for SC rescue therapy by patients randomized to one of the octreotide LAR groups or the need for an increase in dosage in patients randomized to the SC octreotide group. Treatment response was further defined as follows: treatment success, symptomatic control without the need for rescue medication at any time point; partial success, partial control with rescue needed on no more than two occasions for not more than 5 days total during the intervals of treatment weeks 17 to 20 and 21 to 24; and treatment failure, rescue required on three or more occasions or for 5 days or more during weeks 17 to 20 and 21 to 24. Final assessments of treatment response were made after the fifth and sixth doses (weeks 20 and 24), by which time steady-state octreotide levels could be expected in the groups receiving octreotide LAR.
Efficacy assessments included the daily frequency of stools and flushing episodes, number of patients using rescue medication, and 24-hour urinary 5-HIAA concentrations. Patients recorded clinical symptoms and any rescue therapy in daily diaries that were submitted weekly.
For evaluation of 24-hour urinary 5-HIAA, samples were taken at screening, baseline, and weeks 4, 8, 12, 16, 20, and 24. Serum octreotide levels were measured only for patients receiving any one of the three doses of octreotide LAR at baseline and at weeks 4, 8, 12, 16, 20 , and 24. Because the kinetics of SC octreotide were previously determined, octreotide levels were not measured in patients receiving SC octreotide.
Safety assessments, including physical examination, vital signs, electrocardiogram, abdominal ultrasound, and both standard laboratory evaluations (hematology, chemistry, urinalysis) and special laboratory evaluations (thyroid function, glycosylated hemoglobin, carotene) were
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performed at baseline (week 0, study day 1) and at the end of study (week 24). Vital signs were checked at weeks 4, 8, 12, 16, and 20, and standard laboratory evaluations were performed at weeks 4 and 12. Adverse events were recorded during screening and washout, at baseline, and at each scheduled visit throughout the study period (weeks 4, 8, 12, 16, 20 , and 24). Injection sites were evaluated during the visit and then throughout the study period in daily diaries.
Statistical Analysis
Because of the low natural incidence of the carcinoid syndrome, only a limited number of patients were expected. Consequently, the study was designed to look at equivalence between the SC and LAR formulations of octreotide and not to detect statistically significant differences among the treatment groups. Although inferential testing of differences among groups was nevertheless performed as described in the following paragraph, conclusions were based on clinical rather than statistical findings.
Comparisons among treatment groups were analyzed using a pairwise Fisher's exact test for categorical efficacy variables (treatment response) and two models of a one-way analysis of variance (pairwise comparisons among three LAR doses, and SC v each LAR dose) for continuous efficacy variables (number of daily stools and flushing episodes). A one-sample t test was used to examine within-group change-from-screening and change-from-baseline comparisons for 5-HIAA. Demographic and baseline characteristics were examined for differences between groups using a 2 test or Fisher's test for categorical variables and an analysis of variance for continuous variables. Descriptive summary statistics were provided for safety data.
RESULTS
Patient Demographics and Clinical Characteristics
Ninety-three patients were enrolled and randomized to receive octreotide LAR 10 mg (n ϭ 22), 20 mg (n ϭ 20), or 30 mg (n ϭ 25) or to continue SC octreotide every 8 hours (n ϭ 26). These 93 patients constituted the intent-to-treat (ITT) population of patients who had a baseline assessment and at least one postbaseline efficacy assessment. The efficacy-assessable population comprised 79 patients who returned for at least the 20-week visit and evaluation, adhered to the schedules of laboratory sampling and diary completion, and met the criteria for symptom assessment during washout. Thirteen of the 93 patients discontinued before week 24; reasons for the discontinuations included consent withdrawal (n ϭ 2), failure to return for scheduled visits (n ϭ 4), adverse event (n ϭ 1), treatment failure (n ϭ 2), death (n ϭ 3), and unknown (n ϭ 1). Since nine of the discontinuations occurred before week 20 and five patients completed the study but were later found not to have met the necessary inclusion criteria during the baseline period, the efficacy-assessable population was 79 patients.
Demographic and clinical characteristics of the four treatment groups were comparable except for age. The median age of patients in the 20-mg group was 7.1 to 11.5 years younger than that of any other group (Table 1) . Although disease burden was not determined, the median duration of disease ranged from 2.9 to 4.7 years for the different groups.
Pharmacokinetics
Mean trough octreotide levels for the octreotide LAR treatment groups are shown in Fig 1. Steady-state was reached by week 8 for the 20-mg and 30-mg groups and week 12 for the 10-mg group (Fig 1) . From week 8 through week 24, women and older patients (Ͼ 60 years of age) had higher mean and median levels of octreotide than men and younger patients, and the rate of rise to steady-state was slower for women than for men. Octreotide LAR administered every 4 weeks for 24 weeks resulted in octreotide trough concentrations that were dose-dependent and proportional to the dose. Mean steady-state octreotide levels were in the therapeutic range (1,000 to 4,000 pg/mL) for carcinoid syndrome in all three octreotide LAR groups.
Treatment Response
The rates of treatment response at weeks 20 and 24 were similar across treatment groups for the efficacy-assessable population (Fig 2) . Results were similar for the ITT population. No association was noted between the rates of complete treatment success and octreotide levels or between treatment response and sex or age.
Need for Rescue
Efficacy-assessable patients in the LAR groups required rescue medication earlier during treatment (about day 20) when compared with the SC group (day 59); the percentage of patients requiring rescue was highest in the 10-mg LAR group (Fig 3) . The need for rescue was similar in all four groups after week 16, but it was somewhat higher in the SC group at the end of the trial. Results were similar for the ITT population.
The SC patients who used supplementary rescue doses consistently required a higher median number of doses for each 4-week treatment interval than the patients in the LAR groups (Fig 4) . Patients in the 10-mg LAR group used the smallest median number of rescue doses.
Control of Diarrhea
The median number of daily stools in both the efficacyassessable and ITT populations decreased significantly from baseline levels in all treatment groups and were similar 
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across treatment groups (Fig 5) . Occasional statistically significant, but not clinically relevant, differences across visits were noted within and between octreotide LAR treatment groups but not between LAR groups and the SC group.
Control of Flushing
The number of flushing episodes was higher for the 10-mg and 30-mg LAR groups than the SC group until week 8 and continued to be higher throughout the study in the 10-mg group, although the differences were not statistically significant (Fig 6) .
Urinary 5-HIAA Levels
Twenty-four-hour urinary 5-HIAA data were available for 73 patients in the efficacy-assessable population. The use of 5-HIAA as a biochemical marker in this study was complicated by several factors, in particular, low patient compliance resulting in small patient numbers screened for 5-HIAA that prevented detection of any statistically significant differences between the SC group and LAR groups at most time points. In both the efficacy-assessable and ITT populations, the 20-mg LAR and SC doses most consistently reduced 24-hour urinary 5-HIAA to the controlled levels recorded during screening ( Table 2 ). The different numbers *Screening was defined as control of flushing and diarrhea with patient receiving SC octreotide every 8 hours.
†Baseline was defined as recurrence of carcinoid syndrome symptoms with patient not receiving SC octreotide every 8 hours.
‡End point defined as week 20 and/or week 24.
of patients and the wide variability in the actual results reported here as median 24-hour urinary 5-HIAA levels reflect the low patient compliance in collecting and returning the urine samples for analysis. Nevertheless, there was no correspondence between 24-hour urinary 5-HIAA levels and octreotide levels.
Safety
Therapy was well tolerated in all four treatment groups. The majority of patients (84% to 95.4%) reported adverse events, but most were mild to moderate in severity and were considered to be unrelated to therapy. No patient discontinued therapy because of a drug-related adverse event. The most frequently reported adverse events considered by the investigators to be possibly, probably, or definitely related to treatment with octreotide are listed in Table 3 . The most common adverse events were gastrointestinal disorders, as is expected with octreotide treatment (abdominal pain, n ϭ 1; flatulence, n ϭ 2; nausea, n ϭ 3; and steatorrhea, n ϭ 1). Cholelithiasis was the only treatment-related adverse event to occur in all four groups; newly occurring gallbladder abnormalities detected by ultrasound included gallstones (n ϭ 5), sludge (n ϭ 2), and dilatation of the ductal system (n ϭ 4). Seventeen patients experienced serious adverse events. All were considered by the investigators to have been unrelated to treatment, and only one (progressive carcinoid tumor) resulted in discontinuation. Three of these 17 patients died during the treatment phase of the study. Two deaths in the 30-mg LAR group and one in the 20-mg LAR group were considered unrelated (respiratory distress, pulmonary embolism) or unlikely related (hypoglycemic episodes with renal failure), respectively, to medication. No differences among the four treatment groups were observed with respect to vital signs, electrocardiograms, physical examinations, gallbladder ultrasound, or laboratory evaluations.
DISCUSSION
The efficacy of octreotide LAR 10 mg, 20 mg, or 30 mg administered once monthly was similar to that of multiple daily SC injections of octreotide in controlling the diarrhea and flushing associated with malignant carcinoid syndrome. Because of the time required to reach steady-state octreotide levels, as the drug is slowly released from the microspheres, patients crossing over to the LAR formulation need to continue to receive SC octreotide for approximately 2 weeks, and some individuals may need additional rescue SC octreotide for up to 2 to 3 months.
Suppression of urinary 5-HIAA levels in the 20-mg LAR group was virtually identical to that of the control group receiving SC octreotide, although the 10-mg dose of octreotide LAR was consistently the least effective. However, it should be noted that the 10-mg group also had the greatest increase in mean and median 5-HIAA concentrations during the washout period. Additionally, the determination of urinary 5-HIAA excretion may not be an ideal measure of outcome in carcinoid syndrome, as it does not seem to correspond with survival or to predict cardiovascular problems during surgery. 17 Altered 5-HIAA levels can have other causes, including untreated malabsorption states and ingestion of serotonin-containing foods and certain drugs. 8, 12, 18 Also, many foregut carcinoid tumors lack the enzyme necessary for efficient conversion of 5-hydroxytryptophan to 5-HIAA. 12, 14 Finally, patient numbers in each group were small. The 20-mg octreotide LAR dosage is recommended for initiation of treatment because of its overall apparent superiority: symptom control was reached faster, steadystate was achieved more rapidly compared with the 10-mg dose, less rescue treatment was required during the early period before steady-state was reached, and flushing was better controlled.
A 2-week trial period with SC octreotide is recommended for patients who have never been treated with SC octreotide. Initial treatment with SC octreotide will allow a determination to be made whether the patient responds to octreotide without significant adverse effects. Furthermore, because it takes several weeks after the first LAR injection for steadystate therapeutic levels of octreotide to be reached, it is recommended that all patients continue SC octreotide injections for the first 2 weeks after starting treatment with octreotide LAR.
Numerous trials have indicated that SC octreotide is well tolerated, with the principal side effects being injection site reactions and gastrointestinal complaints. 19 Some side effects are transient and abate with continued treatment, which occurs with octreotide LAR treatment in patients with acromegaly. 1, 15, 20 In this prospective randomized trial, the safety profile of octreotide LAR was similar to that of SC octreotide administered every 8 hours for the treatment of carcinoid syndrome. Reactions to the intramuscular injections were mild, and treatment-related adverse events were infrequent and generally mild to moderate in severity. The incidence of gallstone development, which was low, was probably due at least in part to the fact that patients had previously received SC octreotide every 8 hours for a median of 2.8 years. It is known that long-term octreotide treatment is associated with an increased prevalence of gallbladder sludge and gallstones in approximately 20% to 30% of patients. 15, 19, 21 Within the octreotide LAR dose range used (10 to 30 mg), no dose relationship was observed in the incidence or severity of adverse events.
In summary, octreotide LAR provides efficacy comparable to SC octreotide with a similar safety profile. Moreover, the availability of a once-monthly injection may increase the number of patients willing to undergo treatment. Thus, octreotide LAR is an alternative to SC octreotide with the potential to improve patient compliance and satisfaction with therapy, leading to successful clinical control of the carcinoid syndrome.
